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7KH FKDUDFWHUL]DWLRQ RI KHDW VRXUFH GXULQJ JDV WXQJVWHQ DUF ZHOGLQJ LV QHFHVVDU\ LQ RUGHU WR SUHGLFW WKH
PLFURVWUXFWXUHDQGPHFKDQLFDOSURSHUWLHVRIWKHZHOGPHQW9DULRXVPRGHOV RI WKH KHDW VRXUFHJHRPHWU\LQFOXGLQJ
5RVHQWKDO¶VSRLQWRUDOLQHKHDWVRXUFH3DYHOLF¶VGLVFPRGHO 3DYHOLFHWDO DQG*ROGDN¶VHOOLSVRLGDO PRGHO
*ROGDNHWDO KDYHEHHQGLVFXVVHGE\$UXODQG6HOODPXWKX)URPWKHOLWHUDWXUHVLW LVQRWHGWKDW WKH
DUHD RI KHDW VRXUFH LQFLGHQW RQ WKH PHWDO VXUIDFH GXULQJ VWDWLRQDU\ ZHOGLQJ LV FLUFXODU 'REUDQV]N\ HW DO 
ZKHUHDVLWLVGRXEOHHOOLSWLFDOIRUPRYLQJKHDW VRXUFH *ROGDNHWDO
7KH TXDQWLW\ RI KHDW HQHUJ\ LQFLGHQW RQ WKH ZRUN SLHFH GHSHQGV RQ WKH DUF HIILFLHQF\ DQG WKH SK\VLFDO DQG
WKHUPDOSURSHUWLHVRIWKH ZRUNSLHFH7KHDUFHIILFLHQF\LVGHSHQGHQWRQWKHDUHDRIKHDWLQFLGHQWRQWKHZRUNSLHFH
VXUIDFH7KHDUFHIILFLHQF\RI7,*ZHOGLQJSURFHVVZDVLQYHVWLJDWHGE\ $UXODQG 6HOODPXWKX DQGLV JLYHQE\
WKHHTXDWLRQ
ൌ Ȁሺ Ǥ ሻ 
:KHUH4QHW LVWKHQHWIOX[LQSXW9LVWKHYROWDJH DQG,LVWKHFXUUHQW
)RUILQGLQJWKHQHWIOX[ LQSXWWKH\SURSRVHGDQRWKHUHTXDWLRQ
ൌ ሺ Ǥ ሻ Ȁ ͵ 
:KHUH LVWKHSHDNKHDWLQWHQVLW\$L LVWKHDUHDRIKHDWDSSOLFDWLRQ
7KHDUHDRIKHDWLQFLGHQWRQWKHZRUNSLHFHVXUIDFHGHWHUPLQHVWKHKHDWGLVWULEXWLRQRQPHWDOVXUIDFH $UXODQG
6HOODPXWKXREVHUYHGWKDW WKHSURMHFWHGDUFDUHDLVIRXQGWRLQFUHDVHZLWKFXUUHQWDQGHOHFWURGHGLVWDQFH
DQG  WR GHFUHDVH ZLWK HOHFWURGH  WLS DQJOHZKHUHDV LW  LV  IRXQG WREH  LQGHSHQGHQWRIVSHHG7KHVKDSHRI WKH
SURMHFWHG DUFDUHDLVREVHUYHGWREHVHPLFLUFXODULQWKHIURQWDQGVHPLHOOLSWLFDOLQWKH UHDUIRUPRYLQJKHDWVRXUFH
$UXO DQG 6HOODPXWKX $ VFKHPDWLF GLDJUDPRI WKH EHDGRQSODWH ZHOGLQJ SURFHVV IRU DPRYLQJ VRXUFH LV
VKRZQLQWKHILJ 
)LJ  6FKHPDWLFRIWKHEHDGRQSODWHZHOGLQJSURFHVV
7KHDUHDRIKHDWLQFLGHQWRQWKHZRUNSLHFHLVFDOFXODWHGIURPWKHH[SUHVVLRQ$UXODQG6HOODPXWKX
$L ൅ Ǥ 
,QWKHSUHVHQWVWXG\WKHHIIHFWRIWKHHOHFWURGHGLDPHWHU DQGFXUUHQW RQWKH DUF GLVWULEXWLRQ LVLQYHVWLJDWHG
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([SHULPHQWDO 3URFHGXUH
7KH H[SHULPHQWV ZHUH FRQGXFWHG XVLQJ /LQFROQ (OHFWULF 977,*ZHOGLQJ PDFKLQH D VHUYRPRWRU GULYHQ
PDQLSXODWRU FRQWUROOHG E\ D 3/& DQG YLVLRQ V\VWHP ZLWK'DOVD YLVLRQ DSSOLDQFH D &&' JUH\VFDOH FDPHUD DQG
6KHUORFN PDFKLQHYLVLRQVRIWZDUH7KH H[SHULPHQWDO VHWXSLV VKRZQ LQ)LJ
([SHULPHQWVZHUHFRQGXFWHGRQPLOGVWHHOSODWHVRIGLPHQVLRQ PP[  PP[ PPZLWKFXUUHQWYDOXHV
RI$$$$$7KHHOHFWURGH WLSGLVWDQFHDQG WUDYHOVSHHGYDOXHV ZHUHNHSW (OHFWURGHVXVHG
ZHUH 7KRULDWHGWXQJVWHQHOHFWURGHVRIGLDPHWHUVPPPPPP DQGPPKDYLQJ WLSDQJOH$UJRQ
ZDVXVHGDVVKLHOGLQJJDVDWOSPIORZUDWH
)LJ([SHULPHQWDOVHWXS
7KHZHOG WRUFKZDV KHOG VWDWLRQDU\ LQ D YHUWLFDOO\ GRZQ SRVLWLRQ DQG WKH WDEOH IL[HG WR WKHPDQLSXODWRU ZDV
PRYHG7KHHOHFWURGHWLSGLVWDQFHZHOGLQJVSHHGDQGHOHFWURGHWLSDQJOHDUHSDUDPHWHUVWKDWZHUHNHSWFRQVWDQW DW
PP PPVDQG  UHVSHFWLYHO\7KHFXUUHQWDQGHOHFWURGHGLDPHWHUZHUHYDULHGIRUHDFKRIWKHH[SHULPHQWV
SHUIRUPHG
'XULQJ HDFK H[SHULPHQW DQ LPDJH RI WKH DUFZDV FDSWXUHGZLWK WKH KHOS RI D JUH\ VFDOH&&' FDPHUD7KHVH
LPDJHVDUHWKHQSURFHVVHGWRREWDLQWKHDUFGLPHQVLRQVZLWKWKHKHOSRID'DOVDYLVLRQDSSOLDQFHDQG6KHUORFNLPDJH
SURFHVVLQJVRIWZDUH$W\SLFDO IURQWYLHZLPDJHRIWKHDUFLVVKRZQLQ)LJ 
)LJ7\SLFDOIURQWYLHZRIWKHDUF
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5HVXOWVDQGGLVFXVVLRQ
$UFSDUDPHWHUV
7KH YDULDWLRQ RI DUF SDUDPHWHUV ZLWK FKDQJH LQ HOHFWURGH GLDPHWHU DQG FXUUHQW DUH VKRZQ LQ ILJXUH  DQG 
)LJXUH  VKRZV WKHYDULDWLRQRIDI DQG ILJ  VKRZV WKHYDULDWLRQRIDU ZLWKZHOGLQJYDULDEOHV)URPWKHSORWV LW LV
XQGHUVWRRGWKDWDI DQGDU YDOXHVLQFUHDVHVDVFXUUHQWDQGHOHFWURGHGLDPHWHUVDUHLQFUHDVHG
(IIHFWRI HOHFWURGH GLDPHWHU
,W FDQEHQRWHGIURPILJXUHV  DQG  WKDWDVWKHHOHFWURGHGLDPHWHULQFUHDVHV WKHDI DQGDU YDOXHVDOVRLQFUHDVHV ,Q
WKHOLWHUDWXUHLWLVIRXQGWKDWH[SHULPHQWVZHUHFRQGXFWHGWRLQYHVWLJDWHWKHYDULDWLRQRIDUFSDUDPHWHUVE\FKDQJLQJ
WKHHOHFWURGHWLS DQJOH $UXODQG6HOODPXWKX 'REUDQV]N\ HWDO *RRGDU]L HWDO 7KH\KDYHIRXQG
RXW WKDW LQFUHDVH LQ WLS DQJOH VKULQNV WKH DUF GLDPHWHU (DUOLHU VWXGLHV ZHUH GRQH WR ILQG WKH YDULDWLRQ LQ DUF
GLPHQVLRQZLWKFKDQJHLQHOHFWURGHGLVWDQFH $UXODQG 6HOODPXWKX7VDLDQG(DJHU $OOXP7KH\
FRQFOXGHGWKDWWKHDUFSDUDPHWHUVLQFUHDVHZLWKLQFUHDVHLQHOHFWURGHGLVWDQFH
,QWKHSUHVHQWVWXG\WKRULDWHGWXQJVWHQHOHFWURGHRIPPPPPPDQG PPGLDPHWHUVZLWKWLSDQJOH
 ZHUH XVHGLQWKHH[SHULPHQW7KHYDOXH RIDI DQGDU LQFUHDVHG ZLWKLQFUHDVHLQHOHFWURGHGLDPHWHU$VDUHVXOW
WKHDUHDRIKHDWSURMHFWHGRQWKHZHOGVXUIDFHZDVDOVR LQFUHDVHG
)LJ 9DULDWLRQRIDI ZLWKZHOGLQJYDULDEOHV
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)LJ  9DULDWLRQRIDU ZLWKZHOGLQJYDULDEOHV
,WFDQEHQRWHGWKDWERWK DI DQGDU LQFUHDVH ZLWKHOHFWURGH GLDPHWHU DQG FXUUHQW
(IIHFWRIZHOGLQJFXUUHQW
)URP ILJXUHV 	  LW LV FOHDU WKDW WKH YDOXHV RI DI DQG DU IRU YDULRXV ZHOGLQJ FXUUHQWV IRU D JLYHQ HOHFWURGH
GLDPHWHU LQFUHDVHV
6RPHOLWHUDWXUHVKDYHUHSRUWHG WKDWWKHDUFUDGLXV UHPDLQVDSSUR[LPDWHO\FRQVWDQW  IRUFXUUHQWV  IURPWR
$0HQGH] ZKHUHDVVRPHOLWHUDWXUHV$UXODQG6HOODPXWKX %LVHQHWDO 7VDLDQG(DJHU
KDYHUHYHDOHGWKDWWKHGLVWULEXWLRQSDUDPHWHULQFUHDVHVZLWKFXUUHQW )LJ JLYHVYDULDWLRQRIDI DQGDU ZLWKFXUUHQW
IRUPPGLDPHWHUHOHFWURGH %DVHGRQWKHVHUHVXOWVUHSRUWHGLQ ILJ LWFDQEHLQIHUUHGWKDW WKHDI DQGDU YDOXHV
LQFUHDVHZLWKFXUUHQWDQREVHUYDWLRQ WKDWDJUHHV ZLWK UHVXOWVRI $UXODQG6HOODPXWKX %LVHQHWDO DQG
7VDL DQG(DJHU
3DUDPHWULF PRGHOE\UHJUHVVLRQDQDO\VLV
7KH YDOXHV RI HOHFWURGH GLDPHWHU DQGZHOGLQJ FXUUHQW DUH QRUPDOL]HG XVLQJ PLQLPXPPD[LPXPPHWKRG DQG
ZHUHXVHGIRUUHJUHVVLRQDQDO\VLV $OLQHDUUHJUHVVLRQDQDO\VLVZDVSHUIRUPHGWREXLOGDSDUDPHWULFPRGHOEHWZHHQ
WKHDUFSDUDPHWHUVDQGWKHZHOGLQJYDULDEOHVQDPHO\GLDPHWHURIWKHHOHFWURGHDQGZHOGLQJFXUUHQW7KHUHJUHVVLRQ
HTXDWLRQV DUHJLYHQDV
DI  ',
DU  ', 
:KHUH'DQG,DUHHOHFWURGHGLDPHWHULQPPDQGFXUUHQWLQDPSVUHVSHFWLYHO\
2374   B. Rakesh Chandra et al. /  Procedia Materials Science  5 ( 2014 )  2369 – 2375 
7KHDUHD$LLVFDOFXODWHGIURPWKHHTXDWLRQ
)LJ  VKRZVWKHYDULDWLRQRIDUHDRIKHDWDSSOLFDWLRQZLWKHOHFWURGHGLDPHWHUIRU$FXUUHQW,WFDQEH
REVHUYHGWKDWWKHDUHDRIKHDWDSSOLFDWLRQLQFUHDVHVDVWKHHOHFWURGHGLDPHWHULQFUHDVHV
)LJ9DULDWLRQRIDI DQGDU ZLWKFXUUHQW
)LJ9DULDWLRQRIDUHDRIKHDWDSSOLFDWLRQZLWKHOHFWURGH GLDPHWHU
)LJ VKRZVWKHYDULDWLRQRIDUHDRIKHDWDSSOLFDWLRQZLWKFXUUHQWIRUPPGLDPHWHUHOHFWURGH)URPWKHSORWLW
LVFOHDUWKDWWKHDUHDRIKHDWDSSOLFDWLRQLQFUHDVHVDVWKHZHOGLQJFXUUHQW LVLQFUHDVHG
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)LJ 9DULDWLRQRIDUHDRIKHDWDSSOLFDWLRQZLWKZHOGLQJFXUUHQW
&RQFOXVLRQ
*7$ZHOGLQJDUFGLPHQVLRQVZHUHVWXGLHGXVLQJ&&'JUD\VFDOHFDPHUDDQGPDFKLQHYLVLRQVRIWZDUH6KHUORFN
$ UHJUHVVLRQPRGHOZDV GHYHORSHGE\ UHODWLQJ WKH H[SHULPHQWDOO\PHDVXUHG DUF SDUDPHWHUV DQG JDV WXQJVWHQ DUF
ZHOGLQJ SURFHVV YDULDEOHV OLNH HOHFWURGH GLDPHWHU DQG FXUUHQW ,W ZDV IRXQG IURP WKH H[SHULPHQWV WKDW WKH DUF
FKDUDFWHULVWLFV GHSHQGVRQ ZHOGLQJ FXUUHQWDQGHOHFWURGHGLDPHWHU DQG LQFUHDVHV ZLWKFXUUHQWDQGHOHFWURGHGLDPHWHU
,WZDVDOVRQRWHGWKDWWKHDUHDRIKHDWDSSOLFDWLRQLQFUHDVHVZLWKHOHFWURGHGLDPHWHUDQGZHOGLQJFXUUHQW
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